§: These authors contributed equally to this work. ToLDeV was demonstrated, therefore, as the causal agent of the disease syndrome 37 widespread in tomato crops in Peru. This virus was shown to be present throughout the 38 major tomato-growing regions of this country, both in tomatoes and wild plants.
39
Analyses of the sequences of 51 ToLDeV isolates revealed a significant genetic 40 diversity with three major genetic types co-circulating in the population. A geographical 41 segregation was observed which should be taken into account for virus control.
Introduction 51
Begomoviruses (genus Begomovirus) are small plant viruses with twinned, 52 quasi-isometric virions encapsidating genomes of circular single-stranded DNA
53
(ssDNA) characteristic of members of the family Geminiviridae (Brown et al., 2012) .
A c c e p t e d M a n u s c r i p t Virus Research, 4 transmitted in nature by the whitefly Bemisia tabaci Genn. (Hemiptera: Aleyrodidae).
56
The genus Begomovirus consists of viruses with either monopartite or bipartite 57 genomes. Globally, begomoviruses are grouped into two major phylogenetic clades 58 named Old World (OW) and New World (NW) (Briddon et al., 2010) . Most 59 begomoviruses have bipartite genomes with components designated DNA-A and DNA-60 B, each of which is 2.5-2.8 kilobases. Both components are required for infectivity 61 (Stanley, 1983) . Demonstration of the infectivity of a single component was done for 62 the first time for the begomovirus tomato yellow leaf curl virus (TYLCV), thus showing 63 that begomoviruses with a single genomic component exist (Navot et al., 1991) .
64
Remarkably, no monopartite begomovirus native to the NW has been identified to date,
65
although recently the OW monopartite begomovirus TYLCV was inadvertently 66 introduced and has spread in the NW (Duffy and Holmes, 2007; Polston et al., 1999) . 
AV2. The DNA-B component has two genes that encode proteins directly involved in
A c c e p t e d M a n u s c r i p t Virus Research, 5 movement, BV1 (which encodes the nuclear shuttle protein, NSP), and BC1 (movement 81 protein, MP), on the V-sense and C-sense strands respectively (Brown et al., 2012) . The 82 genomes of monopartite begomoviruses have a similar organization and genes 83 homologous to DNA-A of bipartite begomoviruses (Brown et al., 2012) . These genes 84 include V1 (CP protein), V2 (precoat), C1 (Rep), C2 (TrAP),C3 (Ren), and C4.
85
Different gene requirements exist for monopartite and bipartite begomoviruses. Thus, 86 monopartite begomoviruses absolutely require a functional CP for systemic infection 87 and C4 as a pathogenicity factor, whereas both proteins can be dispensable in bipartite 88 begomoviruses; also, V2 is essential for virus-host interaction and pathogenicity,
89
whereas it is absent in NW bitpartite begomoviruses (Luna et al., 2012; Pooma et al., 90 1996; Pooma and Petty, 1996; Rojas et al., 2001; Wartig et al., 1997) . The IR contains A c c e p t e d M a n u s c r i p t Virus Research, 6 resistance if available, therefore, is the best control option, such as for the Ty-1 gene 106 widely used commercially to control damage caused by TYLCV (Michelson et al., 107 1994) . Durable control based on genetic resistance, however, requires knowledge about 108 the genetic diversity of the virus population (García-Arenal and McDonald, 2003) .
109
A new begomovirus named tomato leaf deformation virus (ToLDeV) has been 110 recently described infecting tomato (Solanum lycopersicum L.) crops in Peru (Márquez- 
126
In the present study, we demonstrated the monopartite nature of ToLDeV and 127 that it is the causal agent of the disease spreading in tomato crops in Peru. Isolates of 128 this virus were found throughout this country. The genetic diversity of ToLDeV was 129 characterized suggesting the presence of a locally evolved population with three major A c c e p t e d M a n u s c r i p t Virus Research, 7 genotypes. Also, infection of ToLDeV was shown in wild hosts and a geographical A c c e p t e d M a n u s c r i p t Sánchez-Campos et al., Virus Research, 8 (1999) Southern-blot hybridizations of total DNA extracts performed as reported by Noris et al.
166
(1998) using the DIG-labeled DNA probe indicated above. Begomovirus DNA was 167 amplified from total DNA extracts by using the degenerate primers MA55 (5´-
168
GCCCACATYGTCTTYCCNGT-3´) and MA56 (5´-GGCTTYCTRTACATRGG-3´), 169 based on primers PAL1v1978 and PAR1c476, respectively, universal for begomoviral 170 DNA-A and designed by Rojas et al. (1993) (Fiallo-Olivé et al., 2012) . For DNA-B 171 amplification, primers designed by Rojas et al. (1993) and Idris and Brown (1998) (Fig. 2A) . Even within a single clade, slight nucleotide sequence 238 variation was observed suggesting genetic variability in the population ( Fig. 2A) . Fig. 2) . Thus, the first pattern ACACC / GGTGT / GGAGT 250 corresponded to isolates from Group 1 (Fig. 2) A c c e p t e d M a n u s c r i p t Virus Research, 12 Nucleotide diversities were calculated for sequences obtained in this study at (Table 2) . A c c e p t e d M a n u s c r i p t Virus Research, 17 bipartite begomoviruses making it less permissive to variation. This is an aspect that 380 merits further research.
381
The tomato is an economically and socially important vegetable crop in Peru, 382 with about 225,000 tons produced in 6,000 ha in 2010 (Anonymous, 2010) . Therefore, 383 the widespread occurrence of ToLDeV throughout Peru in the tomato-growing regions 384 is a major concern. As suggested for similar monopartite begomovirus epidemics, the 385 use of host genetic resistance would be the best alternative to limit damage (Polston and A c c e p t e d M a n u s c r i p t Virus Research, 18 control TYLCV (Michelson et al., 1994) A c c e p t e d M a n u s c r i p t Virus Research, 19 Argüello-Astorga, G.R., Guevara-Gónzalez, R.G., Herrera-Estrella, L.R., Rivera- M a n u s c r i p t Virus Research, 20 Fiallo-Olivé, E., Martínez-Zubiaur, Y., Moriones, E., Navas-Castillo, J., 2012. A 453 novel class of DNA satellites associated with New World begomoviruses.
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